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Advanced Technology Microwave Sounder (ATMS) Overview
ATMS is a next generation 22 channel microwave sounder (Freq. 23-183 GHz)
• S-NPP launched October, 2011.
• JPSS –J1 scheduled for launch March 2017
Element
•

Measurement Sequence
– 96 Earth View beam positions
– 4 cold cal beam positions;
– 4 warm cal beam positions

Channels used in this presentation
Ch. 1 (K) 23.8GHz
Ch. 2 (Ka) 31.4 GHz
Ch. 3 (V) 50.3 GHz
Ch. 4 (V) 51.76 GHz
Ch. 16 (W) 88.2 GHz
Ch. 17 (G) 165.5 GHz

Spec.

Mass, [kg]

75

Average Power, [W]

130

Ave Data Rate,
[Mbps]

0.03

Orbit

824 km (NPP)
Sun-synch

Continuous Scanning

Cross-track

Contractor

NGES

Data Products
1) Atmospheric Moisture profile
2) Atmospheric Temperature Profile
3) Pressure (Surface Profile)

Weng, F., X. Zou, X. Wang, S. Yang, and M. Goldberg (2012), Introduction to Suomi NPP ATMS for NWP and tropical cyclone applications J. Geophys. Res., 117,
D19112,
doi: 10.1029/2012jD018144.
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ATMS Geolocation Accuracy Requirement
• Pointing Accuracy Definition
– At each beam position, in both the scan (crosstrack) and the spacecraft velocity
(downtrack) directions, the beam pointing accuracy is defined as the difference
between the intended and actual beam electrical boresight directions

• Pointing Accuracy Requirement (S-NPP, AE-28100)
– +/-0.10 degrees for the 1.1 degrees beamwidth channels (G-band)
– +/-0.15 degrees for the 2.2 degrees beamwidth channels (V/W-band)
– +/-0.30 degrees for the 5.2 degrees beamwidth channels (K/Ka-band)

• Pointing Accuracy Requirement (JPSS, AE-28300)
– For each position, the pre-launch static beam-pointing error shall be no greater
than 0.50 degrees, 3 sigma, per axis for all channels
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Geolocation Algorithm (Inflection Method)
• Fit a cubic polynomial to brightness temperatures at four consecutive FOVs that cross a
coastline
• Find the coastline by calculating inflection point
• Compare geolocation errors in latitude and longitude by computing the perpendicular
distance between the inflection point and Global Self-consistent, Hierarchical, Highresolution Shoreline (GSHHS) database
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Geolocation Measurement Steps
Geolocation errors in latitude (εlat) and longitude (εlon) can be mapped to in-track (εin) and
cross-track (εx) errors by the following equation, where θ is the spacecraft heading angle s

 ε x   sin θ
ε  = cos θ
 in  

cos θ  ε lat 
− sin θ  ε lat 

Transformation from latitude and longitude to in-track and cross-track coordinate
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Geo-location Scene Selection
Scene selection criteria
1. High thermal contrast between land
and water
2. Infrequent cloud cover
3. No unusual terrain features

Selected coasts for analysis
a) Libya
b) Yemen
c) Montevideo
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d) Australia
e) Saudi Arabia
f) India

Geolocation Algorithm (Land-sea Fraction)
a) Collocate land sea mask within ATMS FOVs
b) Simulate brightness temperature with land sea mask datasets
c) Define cost functions by shifting the land sea mask in the along-track and
cross-track directions
d) Detect geolocation accuracy by minimizing cost functions
e) Construct brightness temperature simulation model according to statistical
analysis of the scene measurements

TModel =
Tsea + lfrac *(Tland − Tsea )

Tland and Tocean is the average brightness temperature in land and ocean,
respectively. lfrac is the land-sea fraction in a satellite footprint, and Tmodel is the
corresponding brightness temperatures
Minimize Chi-square function by shifting the land sea mask datasets in northsouth and east-west directions to find the best matched land sea mask fractions

=
χ2
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Cross Scan Error [km]

Geolocation Single Measurement Results

In Scan Error
[km]
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Geolocation results for mission life
Cross Track Summary Errors
ATMS
Channel
1 (Kband)
2 (Ka band)
3 (Vband)
4 (Vband)
16 (Wband)
17 (Gband)

Mean
Error
[km]
-0.23
1.76
-3
-2.94
-0.8
0.04

Mean
Uncertainty
[km]
3.57
3.17
1.93
2.09
2.57
4.76

Standard
Deviation
[km]
0.31
0.4
0.16
0.18
0.2
0.83

In Track Summary Errors
ATMS
Channel
1 (Kband)
2 (Ka band)
3 (Vband)
4 (Vband)
16 (Wband)
17 (Gband)
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Mean
Error
[km]
-3.71
-5.82
-2.97
-3.1
1.23
0.23

Mean
Uncertainty
[km]
3.24
2.85
1.72
1.9
2.05
5.06

Standard
Deviation
[km]
0.36
0.35
0.22
0.34
0.19
0.51

Geolocation Tending Results
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Geolocation Tending Results
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ATMS Scan Drive Main Motor
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Geolocation trending results
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Mean
Nov-13
Standard Deviation
Mean
Jun-16
Standard Deviation

InTrack Cross Track
0.08
-3.67
1.83
1.14
-0.91
-3.91
2.35
2.17

Conclusions
• Geo-location algorithms allow sub-FOV results to be derived.
• ATMS shows signs of motor wear
• Geo-location measurements are affected by scan mirror motor
performance
• ATMS pointing remains within specifications
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Backup
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Abstract
• The Advanced Technology Microwave Sounder (ATMS) was placed in polar orbit aboard the Suomi
NPOESS Preparatory Project (NPP) satellite on 28 October 2011. As part of the ATMS
calibration/validation effort, geolocation pointing analyses are used to determine the pointing
tolerance of the ATMS field of regard and to verify compliance with the values outlined in ATMS
Science Data Record (SDR) Validation Operations Concepts Document (OPSCON). SDL is using a
coastline crossing method (CCM) and a land-sea fraction method (LFM), to compare with the Global
Self-consistent, Hierarchical, High-resolution Shoreline (GSHHS) database, to quantify the ATMS
geolocation accuracy. The ATMS measurements provide pairs of latitude and longitude data for a
given band that are fed into the CCM and LFM. The CCM is based on the inflection points of the
ATMS window channel brightness temperature measurements across the coastlines, and the LFM
correlates the ATMS scene data with a synthetic scene generated from GSHHS. The ATMS window
channel geolocation errors estimated from CCM and LFM are consistent in magnitude for most of
the channels. This presentation will briefly discuss the ATMS payload in relation to the geolocation
calibration, describe the algorithms used to derive geolocation registration, present results trended
throughout the mission to date, and summarize the uncertainty estimates for these measurements.
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SNPP Attitude Reference
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